Several antibacterial agents were tested against a range of cytophagas and other bacteria representing types commonly found in soil and marshy places. From these tests two antibiotics (penicillin I 5 units/ml. and chloramphenicol 5.0 ,ug./ml.) and two bile salts (sodium taurocholate 8.0 mg./ml. and sodium cholate 6.0 mg./ml.) were selected for incorporation into alkaline enrichment media to achieve selective growth of cytophagas. This mixture of antibiotics and bile salts was tested with a number of soils and its efficiency compared with several other methods for selective development of cytophagas ; bile salts inhibited two common species. The most suitable mixture for the selection of cytophagas was enrichment medium with penicillin and chloramphenicol. Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Sat, 22 Dec 2018 19:34:03 44
INTRODUCTION
The current methods for primary isolation of soil cytophagas orient around enrichment in liquid media containing cellulose or chitin, followed by streaking on solid media with the same enrichment. The isolation methods recommended by Bachman (1955) ~ Stanier (1942) and Veldkamp (1961) entail several transfers in the elective environment. Although antibiotics have been commonly used in media to select actinomycetes, fungi and other bacteria, they have not been used for selective isolation of cytophagas, with the exception of actidione for the isolation of fruiting myxobacteria (Brockman & Boyd, 1963) . However, this antifungal antibiotic has a restricted action against bacteria, which are the usual contaminants. Therefore, it was decided to make a study of the value of antibacterial agents for the selection of cytophagas. The inhibitors were tested in glucose mineral salt solution (Stanier, 1942) , mineral chitin agar (Stanier, 1947) and Veldkamp medium (Veldkamp, 1961) , commonly used for the study of cytophagas. The effect of antibiotics and bile salts on pure cultures of soil-inhabiting cytophagas was earlier reported (Warke & Dhala, I 966) where penicillin, chloramphenicol and bile salts were incorporated in alkaline enrichment media in several comparative experiments.
METHODS
The cellulolytic, chitinoclastic and facultative anaerobic Cytophaga species (Table I) earlier isolated by enrichment techniques were maintained, grown and tested on glucose mineral salt solution, mineral chitin agar and Veldkamp's agar, respectively.
Testing of inhibitors against cytophagas and other bacteria. Minimal inhibitory concentrations (m.i.c.) of sodium penicillin G (Pfizer) and chloramphenicol (Pfizer), were determined by the tube dilution method; solutions of the antibiotics were prepared 
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Comparison oj'soil enrichment tubes with and without inhibitors. From the results of tests with pure cultures, experiments were done to study the effect of the inhibitors on colony counts on dilution plates prepared from several soil and mud samples. The soils used were: a garden soil from Andheri, Bombay (PH 6.2); soil from cotton field, College campus, Bombay (PH 5.9); manured soil from Bandra, Bombay (PH 6.0); two horizons from Aarey, Bombay, the A horizon being at pH 4.2-5-8 and the B horizon at pH 7-2-8.6; two marshy soils from Versova and Danda, Bombay, at pH 6.7-701. These soils differed considerably in their total microbial contents and the relative proportion of cytophagas to other bacteria.
Isolation. Soil (I g.) was added to IOO ml. sterile water in screw-top bottles and shaken on a reciprocal shaker for 30 min. Tenfold dilutions were prepared from the resulting suspension and 0.1 ml. of I O -~ and I O -~ dilutions were used to seed 10 ml. of the enrichment medium (Stanier, 1942) . The inhibitors when used were added to enrichment medium just before inoculation at the following concentration : Na penicillin G I 5 units/ml. ; chloramphenicol 5.0 ,ug./ml. ; bile salts 5.0 mg./ml. Experiments were run in 15 sets for each dilution. Tubes were incubated at 28' for 8 days; Isolation of cytophagas 45 slimy patches from the cellulose strips were scraped out with a platinum needle and streaked on corresponding sets of solid media with 0.75 % agar (U.S.P., Japan) and 0.5 % glucose instead of cellulose. Re-streakings on fresh media were often necessary to obtain pure cultures. Besides these media, starch agar and cellulose + dextrin agar (Fuller & Norman, 1942) containing the inhibitors were also used in the isolation of Cytophaga albogilva and C. deprimata. Chitinoclastic cytophagas were isolated by inoculating I g. soil in a flask containing Stanier's basal medium (1947) with and without inhibitors and with chitin strips (prepared from lobster shells; Stanier, 1947) as sole source of carbon. Growth from chitin strips after 8 days of incubation at 28" was streaked on mineral chitin agar. Facultative agar-decomposing cytophagas were enriched according to Veldkamp's technique (1961) with the inhibitory substances incorporated in enrichment medium. 
RESULTS

Testing of inhibitors against cytophagas and other bacteria
Of the four inhibitors tested against a range of cytophagas, penicillin (15 units/ml.) and chloramphenicol (5.0 pg./ml.) at pH 9.0 were tolerated by all the tested strains. It is evident from Table I that bile salts were well tolerated by the majority of cytophagas, except for Cytophaga rubra and C. tenuissima, which were highly sensitive to bile salts. It was decided to test the sensitivity of the strains against a mixture of penicillin, chloramphenicol and bile salts in various concentrations at pH 9.0.
The reaction of some bacteria to inhibitors
Details of the reaction of the individual Cytophaga species and some common contaminants to the inhibitory mixtures are given in Table 2 . The results were like those previously obtained; only the presence of bile suppressed the growth of some cellulolytic cytophagas.
46
G . M. WARKE A N D S. A. D H A L A
Comparison of soil enrichment tubes with and without inhibitors
Results obtained with enrichment medium with and without inhibitors are given in Table 3 . It is seen that the isolation of cytophagas was facilitated since the ratio of cytophaga to bacteria was increased, whereby the chances of isolation are enhanced. Similarly, incorporation of the antibiotics and bile salts decreased the number of secondary transfers in enrichment media and made it possible to obtain cytophagas directly on the dilution plate. The usefulness of the inhibitory substances was seen with all types of Cytophaga, namely cellulolytic, chitinoclastic and also facultatively anaerobic agar-decomposing forms. Comparison of plate counts obtained on alkaline cytophaga agar medium, unsupplemented and with four inhibitors Plate counts of Cytophaga colonies were made for seven soil samples on alkaline Cytophaga agar containing penicillin + chloramphenicol + bile salts, the same medium with only antibiotics, and two other media selective for cytophagas. Details of these results are given in Table 4 . When the percentages of colonies on plates were considered, the alkaline Cytophaga agar with antibiotics gave results almost similar to those obtained with the medium containing four inhibitors. Unsupplemented alkaline Cytophaga agar medium had only 4-11 % of Cytophaga colonies out of the total colonies developing on plates, indicating a good selectivity of the supplemented media. Table 4 .
Comparison of colony counts obtained on alkaline cytophaga agar, unsupplemented and with inhibitors
Change on plates with
With mixture 
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The proportion of cytophagas to the other micro-organisms in most soil samples is very small; this limits the use of the dilution method for isolations. Besides, the cytophagas exhibit a spreading type of growth and carry along the contaminants, which remain embedded in their slime in several subcultures. The sensitivity of cytophagas to heat above 40" and their loss of pigmentation even at 37" (Warke & Dhala, 1966) rules out attempts to restrict the growth of other bacteria by heat treatment. The common method of isolation of cellulolytic cytophagas depends particularly on the formation of coloured patches on filter-paper strips (Stanier, 1942 ; Fuller & Norman, I 943) ; these usually have many non-cellulolytic and non-myxobacterial forms which thrive on breakdown products of cellulose produced by a few cellulolytic varieties. Similarly, the chitin strips underwent a slow decomposition accompanied by the development of a varied microflora, particularly of chitin-decomposing eubacteria, from which cytophagas could not be readily obtained. However, these eubacteria were easily suppressed in selective media where the cytophagas were often observed to be the only chitin decomposers. The facultative anaerobes could likewise be equally well isolated from marine sources. A great advantage of the inhibitors tested was noticed in the isolation of marine forms, where blackening of the enrichment media was prevented since the sulphur-reducing bacteria were also eliminated.
Although Bachmann (1955) reported a failure to develop a more suitable method for enrichment of facultatively anaerobic cytophagas, Cytophaga fermentans was readily isolated by the incorporation of penicillin (I 5 units/ml.) + chloramphenicol(5-0 pg./ml.) in isolation media.
It was noticed that of the seven soil samples ( Table 4 ) examined for Cytophaga species by the dilution method, with and without inhibitors, almost all the samples which yielded cytophagas in absence of the inhibitors also gave the same species in presence of the inhibitors (either singly or mixed) except for bile salts, which were toxic to Cytophaga tenuissima and C. rubra.
It is felt that the use of inhibitors can be applied profitably in future studies on the isolation of cytophagas from natural sources.
